
1 stepped pressure equilibrium code : be00aa

1. Construction of Bessel function solution of Beltrami field.

1.0.1 Bessel function solution

1. Consider a cylinder with minor radius a, major radius R = 1, with given toroidal flux ψt and given “pinch-parameter” µ,

then

Bζ = αJ0(µr), (1)

Bθ = r−1αJ1(µr), (2)

where α = ψtµ/2πaJ1(µa).

2. The q-profile is q = Bζ/Bθ.

3. This solution is the minimum energy solution only for µa < 3.11 . . . [1]. At this point, a helical state is expected to emerge.

1.0.2 Cylindrical geometry

1. In cylindrical geometry,
√
g = r, the vector potential may be written A = Aθ∇θ +Aζ∇ζ where

Aθ =
∑

p

aθ,pr
2+p, Aζ =

∑

p

aζ,pr
2+p. (3)

2. The magnetic field, B = ∇× A, is then

Br = 0, Bθ =
−∂rAζ

r
= −

∑

p

aζ,p(2 + p)rp, Bζ =
+∂rAθ

r
= +

∑

p

aθ,p(2 + p)rp. (4)

Br = 0, Bθ = −
∑

p

aζ,p(2 + p)rp+2, Bζ = +
∑

p

aθ,p(2 + p)rp. (5)

3. The energy integrals are given

B · B =
∑

p,q

[

aζ,paζ,q(2 + p)(2 + q)rp+q+2 + aθ,paθ,q(2 + p)(2 + q)rp+q
]

(6)

A · B =
∑

p,q

aθ,paζ,q

[

−r2+p(2 + q)rq + r2+q(2 + p)rp
]

=
∑

p,q

aθ,paζ,qr
2+p+q(p− q) (7)

∫

V

dv ≡
∫

dr

∫

dθ

∫

dζ r = (2π)2
∫

dr r (8)

F ≡
∫

V

B · B dv − µ

∫

V

A · B dv (9)

=
∑

p,q

aζ,paζ,q(2 + p)(2 + q)

∫

dr rp+q+2+1 +
∑

p,q

aθ,paθ,q(2 + p)(2 + q)

∫

dr rp+q+1 (10)

−µ
∑

p,q

aθ,paζ,q(p− q)

∫

dr rp+q+2+1. (11)

∂F

∂aθ,p

=
∑

q

aζ,q(2 + p)(2 + q)
rp+q+2

p+ q + 2

∣

∣

∣

∣

a

0

− µ
∑

q

aζ,q(p− q)
r2+q+p+2

2 + q + p+ 2

∣

∣

∣

∣

a

0

(12)
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